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ABSTRACT 



A method is provided for enhancing transmembrane 
transport of exogenous molecules. The method com- 
prises contacting a membrane of a living cell with a 
complex formed between said molecules and ligands 
selected from biotin, biotin analogs and other biotin 
receptor-binding ligands, and/or folic acid, folate ana- 
logs and other folate receptor-binding ligands to initiate 
receptor mediated transmembrane transport of the li- 
gand c mplex. The method is used for the efficient 
delivery f peptides, proteins, nucleic acids and other 
comp unds capable f modifying cell function into 
plant, animal, yeast, and bacterial cells. 

27 Claims, N Drawings 
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fied ligand is chemically conjugated by covalent, ionic 
MFTHOD FOR ENHANCED TRANSMEMBRANE or hydrogen bonding to an exogenous molecule of in- 
TRANSPORT OF EXOGENOUS MOLECULES terest, (i.e., the ex genous compound) forming a c nju- 
iKAi>aruRi ^ ^ molecule having a moiety (the ligand portion) that 

This invention was made with Government support 5 is still recognized in the conjugate by a target receptor. 

rtn rights in die ^&J^SS&SSS:£ 

CROSS REFERENCE TO RELATED 10 j 5 i 9g6 ). me hepatocyte specific receptor for galactose 

APPLICATIONS terminal asialoglycoproteins has been utilized for the 

This application is a continuation-in-part of U.S. ap- hepatocyte-specific transmembrane J*™?* ° f 

plication Ser. No. 07/331,816, filed Apr. 3, 1989, now ^rosomucoid-poly-L-ly^ne 

*. plexed to a DNA plasmid (Wu, G. Y., /. SwL utem., 

aoanaonea. ^ 262(10)> pp 4429.4432, 1987); the cell receptor for epi- 

FIELD OF THE INVENTION dermal growth factor has been utilized to deliver 

This invention relates to a method for enhancing polynucleotides covalently linked to EOF to the cell 

tranSmbrane tSport of exogenous molecules. interior (Myers, European Patent Application 
JiTSrSly^SSL of nutrient receptors, includ- 86810614.7, published Jun. 6. 1988); the "testmally 

ated receptor mediated endocytotic mechanism associ- B, 2 -mtnnsic factor complex has been used to mediate 
tied 5, f such receptors, is utilized to enhance the delivery to the circulatory system of a vertebrate host a 
efflcieTcy of cellular uptake of exogenous molecules drug, hormone, bioactive peptide or unmunogen com- 
capaKf mcSulating P or otherwise modifying cell plexed with vitamin B» and I delivered to > the mtesune 
r P .jlT- 25 through oral administration (Russell-Jones et al., Euro- 

runcUon - pean patent Application 86307849.9, published Apr. 29, 

BACKGROUND AND SUMMARY OF THE 1987 ). the mannose-6-phosphate receptor has been used 
INVENTION t0 deliver low density lipoproteins to cells (Murray, G. 

Transmembrane transport of nutrient molecules is a J. and Neville, D. M., Jr.. J. Bio. Chem Vol. 255 (24). 
critiS Si functioS. Because practitioners have 30 pp. 1194-1 1948. 1980); the xhplera toxin bmdmgsubumt 
recognized the importance of transmembrane transport receptor has been used to f™™^?"^*?* 
tomany areas of medical and biological science, includ- insulin receptors (Roth and Maddox, J. Cell Phys. Vol 
Sg drag S P y and gene transfer! there has been sig- 115, p. 151, 1983); and the human chorionic = Sonadotto- 
Sficant research efforts directed to the understanding pin receptor has been employed to deliver a nan a- 
ZSZ&Em of such processes. Thus, for example, 35 chain coupled to HCG to eel s with *e appropmte 
Smsmfmbrane delivery of nucleic acids has been en- HCG receptor m order to kill the celk (Oehmann and 
couraeed through the use of protein carriers, antibody Heath, /. Biol. Chem, vol. 254, p. 1028 (1979)). 
C S 1 posS delivery systems, electroporation. The method of the present invention enhances the 
dfaS mSnT cell fuston. viral carriers, osmotic transmembrane transport of an exogenous molecule 
fiK^oSto^tedtransfonnation, 40 across a membrane having biotin or folate receptors 
H^evVr many of those techniques are limited both by that initiate transmembrane transport of receptor bound 
fe^'tfS. fa .which transmembrane transport is. species The .method Jakes ^f^^^ 
enabled and by the conditions of use for successful and multiplicity of biotin and folate receptors on he 
SSmeiV transport of exogenous molecular spe- membrane surfaces of most cells and (2) ******* 
^Further, many ofthese known techniques are lira- 45 receptor mediated y?™™*™*™^*^ 
hedinthetype and size of exogenous molecule that can mance of the method involves formation of a complex 
bT^SacrossamembrLwithoutlossofbioac-. between a ligand selected fron, «te M 
rvV'" ^ receptor-binding compounds, and/or folic acid or other 

One method for transmembrane delivery of exoge- folate receptor-binding compounds, and an «ogeno^ 
n us molecules having a wide applicabUity is based on 50 molecule. A cell membrane : bearing biottn or folate 
the mechanism of receptor mediated endocytotic activ- receptors is contacted with this complex, thereby tmti. 
ity. Unlike many other methods, receptor mediated ating receptor medmted tranOTembranetr^rtofthe 
endocytotic activity can be used successfully both in complex. The complex is allowed to contact the mem- 
vivo and in vitro. Receptor mediated endocytosis in- brane surface bearing the correspondmg wceptora for a 
volves the movement of ligands bound to membrane 55 time sufficient to mitiate and permit transmembrane 
receptors into the interior of an area bounded by the transport of the complex. The transmembrane transport 
membrane through invagination of the membrane. The of exogenous molecules including proteins and ^lynu- 
process is initiated or activated by the binding of a cleotides has been promoted in plant, mammalian, and 
recentor soecific ligand to the receptor. Many receptor bacterial cells. 

mediated endocytotic systems have been characterized, 60 In one embodiment of this invention, the : targe recep- 
memding those recognizing galactose, mannose. man- tor for the method of the present invention is the : biotin 
n^fphoTp^t; TtnuXrin 8 asialoglyc protein, tran- recept r. Biotin is a necessary cellular ^t has 

scobalamin (vitamin B„). a-2 macroglobulins. insulin, been found to be preferentially b und by biota , receptor 
and ther peptide growth factors such as epidermal proteins associated with cellular membranes. Commer- 
^owth factor (EGF) « cially available reagents are used to form a c valent 

Reaptor mediated endocytotic activity has been complex between bi tin and polynucleot.des. proteins, 
utilized for delivering exogenous molecules such as or ther desired ex genous molecules. Acc rding to 
prSs and nucleic acids to cells. Generally, a speci- ne preferred embodiment of the present invention, a 
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biotin/exogenous molecule complex is brought into ligands, for a time sufficient to permit transmembrane 
contact with a membrane having associated biotin re- transport f said hgand complex, 
ceptors for a time sufficient to allow binding of the The method of the present invention is effective in all 
biotin moiety of the complex to a corresponding biotin living cells that have biotin and/or folate receptors 
receptor in the membrane. This binding triggers the 5 associated with their cellular membranes. The mem- 
initiation of cellular processes that result in transmem- brane can define an intracellular volume such as the 
brane transport of the complex. endoplasmic reticulum or other organelles such as mito- 

In an alternate but equally preferred embodiment of chondria, or alternatively, the membrane ca define the 
this invention, folate receptors are targeted to enhance boundary of the cell. 

cellular uptake of exogenous molecules. Folate binding 10 Living cells which can serve as the target for the 
receptors are found in most types of cells, and they have method of this invention include prokaryotes and euka- 
been demonstrated to bind and trigger cellular internal- ryotes, including yeasts, plant cells and animal cells, 
ization of folates. Thus, folic acid and other art-recog- The present method can be used to modify cellular 
nized folate receptor-binding ligands can be chemically function of living cells in vitro, i.e., m cell culture, or in 
bonded to polynucleotides, proteins, or other desired 15 vivo, where the cells form part of or otherwise exist in 
exogenous molecules using art-recognized coupling plant tissue or animal tissue. Thus the cells can form, for 
techniques to provide a folate receptor-binding com- example, the roots, stalks or leaves of growing plants 
plex which is readily endocytosed into living cells. In and the present method can be performed on such plant 
accordance with this embodiment of the present inven- cells in any manner which promotes contact of the 
ti n a folate/exogenous molecule complex is brought 20 exogenous molecule/folate or biotin complex with the 
into'contact with a membrane having associated folate targeted cells having the requisite receptors. Alteraa- 
receptors for a time sufficient to allow binding of the lively, the target cells can form part of the tissue m an 
folate moiety of the complex to a corresponding folate animal. Thus the target cells can include, for example, 
receptor. Folate receptor-binding triggers the initiation the cells lining the alimentary canal, such as the oral and 
f cellular processes that result in transmembrane trans- 25 pharyngeal mucosa, the cells forming the villi of the 
port of the complex sma11 intestine, or the cells lining the large intestine. 

The methods of this invention are particularly useful Such cells of the alimentary canal can be targeted in 
for increasing the internalization efficiency (cellular accordance with this invention by oral administration of 
uptake) of exogenous molecules that are normally resis- a composition comprising an exogenous molecule com- 
tant to cellular internalization. Proteins and polynucleo- 30 plexed with folates or biotin or their receptor-binding 
tides previously recognized as difficult to move across analogs. Similarly, cells lining the respiratory system 
cell membranes can be internalized by a cell through (nasal passages/lungs) of an animal can be targeted by 
application of the method of the present invention. For inhalation of the present complexes; dermal/epidermal 
example, transformation of target cell lines resulting in cells and cells of the vagina and rectum can be targeted 
expression of a protein product has been accomplished 35 by topical application of the present complexes; and 
by coupling the desired polynucleotide to either biotin cells of internal organs including cells of the placenta 
or folates, and contacting the cells with the resulting and the so-called blood/brain barrier can be targeted 
complex for a time sufficient to promote cellular inter- particularly by parenteral administration of the present 
nalization. In one case, a DNA plasmid containing a complexes. Pharmaceutical formulations for therapeu- 
gene sequence coding for chloramphenicol acetyltrans- 40 tic use in accordance with this invention containing 
ferase (CAT), was biotinylated and transported into E. effective amounts of the presently described folate and 
coli via a biotin receptor mediated endocytotic pathway biotin complexes, in admixture with art-recognized 
and expressed. Similar examples of transformation or excipients appropriate to the contemplated route of 
transfection have been noted for biotin or folate linked administration are within the scope of this invention, 
nucleic acids in mammalian systems, prokaryotic sys- 45 Since not all natural cell membranes possess biologi- 
tems, and plants. The use of biotin and folates com- cally active biotin or folate receptors, practice of the 
plexes to enhance cellular uptake of complexed exoge- method of this invention in vitro on a particular cell line 
nous molecules has been demonstrated in vivo and in can involve altering or otherwise modifying that cell 
^ m line first to ensure the presence of biologically active 

50 biotin or folate receptors. Thus, the number of biotin or 
DETAILED DESCRIPTION OF THE folatc TtceptQTS on a cell membrane can be increased by 

INVENTION growing a cell line on biotin or folate deficient sub- 

In accordance with one embodiment of this inven- strates to promote biotin and folate receptor produc- 
tion, there is provided a method for enhancing transport tion, or by expression of an inserted foreign gene for the 
of an exogenous molecule across a membrane of a living 55 protein or apoprotein corresponding to the biotm or 
cell. The method comprises the step of contacting the folate receptor. 

membrane with the exogenous molecule complexed The present invention is utilized to enhance the cellu- 
with a Hgand selected from the group consisting of lar uptake of exogenous molecules, in particular those 
biotin, biotin receptor-binding analogs of biotin, and molecules capable of modulating or otherwise modify- 
other biotin receptor-binding ligands, for a time suffi- 60 ing cell function, including pharmaceutical^ active 
cient to permit transmembrane transport of said ligand compounds or diagnostic agents. Suitable exogenous 
c mplex. In a second embodiment, there is provided a m lecules can include, but are not limited to: peptides, 
method for enhancing transport of an ex gen us m le- oligopeptides, proteins, apoproteins, glyc pr teins, an- 
cule across a membrane of a living cell, comprising the tigens and antibodies thereto, haptens and antibodies 
step of contacting the membrane with the ex gen us 65 theret , receptors and other membrane proteins, retro- 
molecule complexed with a ligand selected from the inverso oligopeptides, protein anal gs in which at least 
group consisting of folic acid, f late receptor-binding one non-peptide linkage replaces a peptide linkage, 
anal gs of folic acid, and other folate receptor-binding enzymes, coenzymes, enzyme inhibitors, amino acids 
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and their derivatives, hormones, lipids, phospholipids, the respective components of the complex. Art-recog- 
liuosomes- toxins such as aflatoxin, digoxin, xantho- nized biologically labile covalent linkages such as iimmo 
K ruoraLn; antibiotics such as cephalosporins. b nds (-C=N-) and 1 soiled 
penicillin, and erythromycin; analgesics such as aspinn. the linkage -COOCH 2 0- or -COOCH(CH 3 )0-- 
Sofcn, and acetaminophen, bronchodilat rs such 5 are preferrrf, especially where the exogenous molecule 
theoohylline and albuterol; beta-blockers such as pro- is found to have reduced functionality in the complexed 
pranolol, metoprolol, atenolol, labetolol, timolol, pen- form. Hydrogen bonding, e.g., that occurring between 
butolol, and pindolol; antimicrobial agents such as those complementary strands of nucleic acids, can also be 
described above and ciprofloxacin, cinoxacin, and nor- used for complex formation. Thus a biotinylated or 
fl xacin- antihypertensive agents such as clonidine, 10 folated oligonucleotide complementary to at least a 
methyldopa, prazosin, verapamil nifedipine, captopril, portion of a nucleic acid to be delivered to a cell in 
ano^Llaprili cardiovascular agents including antiar- accordance with this invention can be hybridized with 
rhythmics; cardiac glycosides, antianginals and vasodi- said nucleic acid and the hybnd (complex) used per this 
lators; central nervous system agents including stimu- invention to enhance delivery of the nucleic acid into 

lants nsvchotrooics. antimanics, and depressants; anti- 15 cells. . 

Sa^eMfSamines such as chlorpheniramine Because of the ready availability of biotinylating 
and brompheniramine; cancer drugs including chemo- reagents and biotinylating methods suitable for use with 
therapeutic agents; tranquilizers such as diazepam, peptides, proteins, oligonucleotides, polynucleotides, 
chordiazepoxide. oxazepam, alprazolam, and triazolam; lipids, phospholipids, carbohydrates, 1'P^omes or other 
SeSnts such J fluoxetine, amitriptyline. nor- 20 lipid vesicles, lower molecular weight therapeutic 
triptyline, and intipramine; H-2 antagonists such as agents, bioactive compounds, and earners for therapeu- 
mzatidine, cimetidine, famotidine, and ranitidine; anti- tic agents, biotin is a preferred complex forming ligand 
c nvulsants; antinauseants; prostaglandins; muscle re- for use in carrying out this invention Generally, the 
laxants- anti-inflammatory substances; ; stimulants; de- biotin/exogenous molecule complex a formed by cova- 
congestants; antiemetics; diuretics; antispasmodics; anti- 25 lently binding biotin or a btotin derivative to the exoge- 
asthmatics; anti-Parkinson agents; expectorants; cough nous molecule of interest. Transmembrane transport via 
suppressants; mucolytics; vitamins; and mineral and the biotWbiotui receptor pathway is also preferred 
nutritional additives. Other molecules include nucleo- because biotin is a necessary nutrient for a wide variety 
tides; oligonucleotides; polynucleotides; and their art- of cells, and biotin receptors that mediate «>d°cytouc 
recognized and biologically functional analogs and de- 30 activity have been identified m mammalian, plant, and 
rivatives including, for example; methylated polynu- bacterial cells. 

cleotides and nucleotide analogs having phosphorothio- Formation of a complex between biotin and an exoge- 
ate linkages; plasmids, cosmids. artificial chromosomes, nous molecule of interest is readily accomplished. Bio- 
other nucleic acid vectors; antisense polynucleotides tin and its analogs can be easily conjugated to proteins 
including those substantially complementary to at least 35 by activating the carboxyl group of btotin, thereby 
one endogenous nucleic acid or those having sequences making it reactive with the free ammo groups of the 
with a sense opposed to at least portions of selected proteins to form a covalent amide linking bond. A bi- 
viral or retroviral genomes; promoters; enhancers; in- otinylating reagent such as D-biotin-N-hydroxy-suc- 
hibitors; other ligands for regulating gene transcription cinimide ester or b.otinyl-p-nitrophenyl ester can be 
and translation, and any other biologically active mole- 40 used. The activated ester reacts under mild conditions 
cule that can form a complex with biotin or folate, or with amino groups to incorporate a biotin residue into 
Sop thereof, by direct conjugation of the exogenous the desired molecule. The procedure to be followed for 
molecule with biotin or biotin analog or folate or folate biotinylatmg macromolecules using D-biotin-N- 
analog through a hydrogen, ionic, or covalent bonding. hydroxy-succinimide ester is well known n , the i art 
Also in accordance with this invention is the use of 45 (Hofmann et al.. /. Am. Chem. Soc. 100, 3585-3590 
indirect means for associating the exogenous molecule (1978)). Procedures suitable for biotinylating an exoge- 
with biotin or folate, or analogs thereof to form liquid nous molecule using biotinyl-p-mtrophenyl ester as a 
c mplexes, such as by connection through intermediary biotinylating reagent are also well lenown m the art 
linkers, spacer arms, bridging molecules, or liposome (Bodanszk et al., / Am. Chem. Sac 99, 235 (ivvvy 
entrapment, all of which can act to associate the biotin 50 Other reagents such as D-biotinyl-e-aminocaproic acid 
orbiotinanalogorfolateorfolateanalogwiththeexog- N-hydroxy-succinimide ester in which t-aminocaproic 
enous molecule of interest. Both direct and indirect acid serves as a spacer link to reduce stenc hindrance 
means for associating the ligand and the exogenous can also be used for the purposes of the present inven- 
molecule must not prevent the binding of the ligand tion. 

held in association with the exogenous molecule to its 55 Oligonucleotides and polynucleotides can also be 
respective ligand receptor on the cell membrane for biotinylated using both mdirect and direct methods, 
operation of the method of the present invention. Indirect methods include end-labeling of a polynuc eo- 

GeneraUy, any manner of forming a complex be- tide with a biotinylated nucleotide, or nick translation 
tween an exogenous molecule of interest and a ligand that incorporates biotinylated nucleotides. Nick transla- 
capable of triggering receptor mediated endocytosis 60 tion or end labeling of DNA can be accomplished using 
canbe utilized in accordance with the present inven- methods described mMama«setal..3fofec tt / ? ra 0 m«g: 
tion This can include covalent, ionic, or hydrogen A Laboratorg Manual, pp. 109-116, Cold Spring , Harbor 
bonding of the ligand to th exogenous molecule, either Press (1982). Direct meth ds are those procedures in 
Xrectly or indirectly via a linking group. The complex which bi tin is directly attached to a target polynucleo- 
is typically formed by covalent bonding of the recept r- 65 tideusingabi tinylatmg reagent. Photoactivatiblc rea- 
activating moiety to the exogenous molecule through gents such as the acetat salt of N-(4-azid -2-mtro- 
the formation of amide, ester or imino bonds between phenyl)-N-(3-biotinylamin propyl)-N-methyl-1.3 : 
acid aldehyde, hydroxy, amino, or hydrazo groups on pr panediamine (photobiotm) can be used to biotmylate 



5,108,921 

7 8 

DNA according to the method of Forster et al., Nuc mide (EDC) and thereafter reacted with the other cony 
Acids Res 13 745-761. An alternative method uses a pone nt of the complex having at least one nucleophilic 
biotin hydrazide reagent in a bisulfite catalyzed reaction group, viz hydroxy, amino, hydrazo. or thiol, to form 
capable of transamination of nucleotide bases such as the respective complex coupled through an ester . am- 
cytidine according to the method described by Reisfeld 5 ide, or thioester bond. Thus complexes can be readily 
et al BBRC 142:519-526 (1988). This method simply formed between folate ligands and peptides, proteins, 
requires a 24 hour incubation of DNA or RNA with nucleic acids, including both RNA and DNA phos- 
btotin hydrazide at 10 mg/ml in an acetate buffer, pH phorodithioate ™*>*\?^™*«'* C }^^T^ 
4 5, containing 1 M bisulfite. Biotin hydrazide can also tides, polynucleotides, lipids and lipid vesicles, phos- 
be used to biofinylate carbohydrates or other exogenous 10 pholipids, carbohydrates and like exogenous mojecute 
molecules containing a free aldehyde. capable of modifying ee l function. The hgand com- 

Biotin analogs such as biocytin, biotin sulfoxide, oxy- plexes enable rapid, efficient delivery of the cell func- 
biotin and other biotin receptor-binding compounds are tion-modifying moiety through cellular membranes and 
Iiauids that may also be used as suitable complexing into the cell. 

agents to promote the transmembrane transport of ex- 15 It is contemplated that both folate and b.otiny late- 
ogenous molecules in accordance with this invention. receptor binding ligands can be used advantageously in 
Other compounds capable of binding to biotin receptors combination to deliver exogenous molecules through 
to initiate receptor mediated endocytotic transport of cell membranes. Thus, for example, an exogenous mole- 
the complex are also contemplated. Such can include cule can be multiply conjugated with both folate and 
other receptor-binding ligands such as, for example, 20 biotinylate ligands to enhance opportunity for binding 
anti-idiotypic antibodies to the biotin receptor. An ex- with the respective cell membrane receptors. Altema- 
ogenous molecule complexed with an anti-idiotypic lively, independent portions of a dose of an exogenous 
antibody to a biotin receptor could be used to trigger compound can be biotmylated and folate-coupled, re- 
transmembrane transport of the complex in accordance spectively, and the portions of the resulting complexes 
with the present invention. 25 can subsequently be combined to provide a mixture of 

Folate receptors that mediate endocytotic activity hgand complexes for modification of cell function, 
have previously been identified in bacterial cells Receptor mediated cellular uptake of biotmylated or 
(Kumar et al., J. Biol. Chenu. 262. 7171-79 (1987)). Folic folate-derivatized polynucleotides provides a conye- 
acid folinic acid, pteropolygrutamic acid, and folate nient, efficient mechanism for transformation of cells, 
receptor-binding pteridines such as tetrahydropterins, 30 The method is particularly valuable for cell transforma- 
dihydrofolates, tetrahydrofolates, and their deaza and tion because it is applicable even to cell types, such as 
dideaza analogs are preferred complex-forming ligands plant cells, which are normally resistant to standard 
used in accordance with a second embodiment of this transformation techniques. Delivery of for«gn genes to 
invention. The terms "deaza" and "dideaza" analogs the cell cytoplasm can be accomplished with high em- 
refers to the art recognized analogs having a carbon 35 ciency using the present invention. Once delivered 
atom substituted for one or two nitrogen atoms in the through the cell membrane to the cell interior, foreign 
naturally occurring folic acid structure. For example, genes can be expressed to produce a desired proton. In 
the deaza analogs include the 1-deaza, 3-deaza, 5-deaza, addition, other nucleic acids can be introduced, for 
8-deaza, and 10-deaza analogs. The dideaza analogs example, an antisense-RNA sequence capable of bmd- 
include, for example, 1,5 dideaza, 5, 10-dideaza, 8,10- 40 fag interference with endogenous messenger RNA. 
dideaza, and 5,8-dideaza analogs. The foregoing folic Artificially generated phospholipid vesicles have 
acid derivatives are conventionally termed "folates", been used as carriers for introducing membrane- 
reflecting their capacity to bind with folate-receptors, impermeable substances into cells, as instruments for 
and such ligands when complexed with exogenous mol- altering lipid composition of membranes in intact cells, 
cules are effective to enhance transmembrane trans- 45 and as inducers of cell fusion. Liposome/cell membrane 
oort Other folates useful as complex forming ligands interaction is potentiated in accordance with one appli- 
for this invention are the folate receptor-binding ana- cation of the method of this invention by contacting the 
logs aminopterin, amethopterin (methotrexate), N»°- cell membrane with a liposome containing the exoge- 
methylfolate. 2-deamino-hydroxyfolate, deaza analogs nous molecule and bearing bgands on its membrane 
suchasl-deazamethopterinor3-deazamethopterin,and 50 contacting surface. For example, hposome-fonning 
3',5*-dichloro-4.amino-4Kleoxy-N">-methylpteroyl- phospholipids can be biotinylated or folate-conjugated 

glutamic acid (dichloromethotrexate). Other suitable through, for example, headgroup fractional groups 
Mnands capable of binding to folate receptors to initiate such as hydroxy and ammo groups. The resulting pnos- 
receptor mediated endocytotic transport of the complex pholipid/ligand complex is then used itself or in combi- 
include anti-idiotypic antibodies to the folate receptor. 55 nation with unmodified phospholipids to form lipo- 
An exogenous molecule in complex with an anti-idioty- somes containing exogenous molecules capable of mod- 
pic antibody to a folate receptor is used to trigger trans- ulating or otherwise modifying cell function. The re- 
membrane transport of the complex in accordance with suiting liposomes, again formed in whole or in part from 
the present invemion. the phospholipid/biotin or folate complex, present bio- 

Folated ligands can be complexed with the exoge- 60 tin or folate receptor-binding groups to the cell surface, 
n us m lecules hereinbefore defined using art-rec g- triggering the receptor mediated endocytosis mecha- 
nized covalent coupling techniques identical to or nism, thereby promoting delivery -of the liposome<on- 
closely paralleling those referenced above f r the bi ti- tained substances int the cell. One readily avaUable 
nylate ligand c mplexes. Thus, for example, a carbox- phospholipid that can be used in accordance with the 
ylicacidonthef late moiety r n the exogenous m le- 65 above-described method is phosphatidylethanolamine. 
cule can be activated using, for example, carbonyl- That phospholipid can be conveniently c mplexed 
diimidazole or standard carbodiimide coupling reagents using art-recognized procedures with either biotin. bio- 
such as l-ethyl-3-(3-dimethylaminopropyl)carbodii- tin analogs or folate-receptor-binding ligands to form a 
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ph spholipid/ligand complex. The receptor-binding flask. Before removing the cells, the monolayer was 

complex can be c mbined with other phospholipids, f r washed with a 20 ml p rtion of fresh Locke's soluti n. 

example, phosphatidylcholine and that mixture can be The cells were then displaced int 20 ml of the Locke's 

used to form lipos mes containing biol gically active solution by gentle agitation with a stream Locke's solu- 

substances for delivery f those biol gically active sub- 5 tion. The suspended cells were pelleted by centrifiiga- 

stahces to cells. ti n at 10,000 X g for 10 seconds and after resuspending 

It is further contemplated in accordance with this in Locke's solution in separate polycarbonate tubes (40 

invention that other cell nutrients for which there exists ml/tube) to a final density of 1.14X 10 6 cells/ml, the 

receptors and associated receptor mediated endocytotic following amounts of proteins were added to the cell 

uptake could serve as ligands for forming complexes to suspensions: 40 pig fluorescein-labeled insulin was 

with exogenous molecules to enhance their cellular added to the first tube, and to the control tube was 

uptake. Among nutrients believed to trigger receptor added 40 jig biotin-conjugated insulin labelled with 

mediated endocytosis and having application in accor- fluorescein. The tubes were allowed to incubate at 37* 

dance with the presently disclosed method are niacin, c. At intervals of 5, 15 and 33 minutes, 0.5 ml of each 

pantothenic acid, riboflavin, thiamin, pyridoxal, and 15 cc ll suspension was removed and pelleted at 1 0,000 Xg 

ascorbic acid. These non-organometallic nutrients, and f or jq seconds. The cell pellet was washed and repel- 

their analogs and derivatives thereof, constitute ligands j ete ^ twice m \ mj Locke's solution and then fixed by 

that can be coupled with exogenous molecules to form addition of 200 pJ of a 2% formalin solution in phos- 

n'gand complexes for contact with cell membranes fol- phate buffered saline. Thirteen microliters of the fixed 

lowing the same procedures described hereinabove for 20 cell suspension was then added to a microscope slide 

biotin and folate. These foregoing nutrients are gener- ^ y^^ed with the fluorescent microscope to detect 

ally required nutrients for mammalian cells. Exogenous internalized proteins. No evidence of internalization 

molecules coupled with the foregoing non-organomet- was noted for the fl uoresce i n labelled insulin acting as a 

allic nutrients can be used to deliver effective amounts control. Cellular internalization was indicated for the 

of therapeutic agents or pharmaceutically active agents 25 biotinylated insulin labelled with fluorescein, with the 

such as previously described through parenteral or oral internalized increasing with time, 
routes of administration to human or animal hosts. 

The following examples are provided to illustrate EXAMPLE 2 

further the method of the present invention. RAT PHEOCHROMOCYTOMA CELL UPTAKE 

EXAMPLE 1 30 OF BIOTIN CONJUGATED HEMOGLOBIN 
RAT PHEOCHROMOCYTOMA CELL UPTAKE Following the same general procedure set forth in 
OF BIOTIN CONJUGATED INSULIN Example 1 hemoglobin was biotinylated, and the bi- 
L «. . ro<- n\ „-iie ^ rt Kt a i« ah otinylated form was shown to be preferentially internal- 
Rat pheochroinocytoma (PC-12) cells were obtained * y pheochromocytoma ceils as compared to 
from America Type Culture Collection and were 35 tt ™ ° y /. 
grown (37- C, S«, X0 2 in humidified air) attached to non-bumnylated hemoglobin, 
plastic flasks for 2 to 3 weeks until confluent in a me- EXAMPLE 3 
dium of 85% RMPI 1640, 10% v/v heat inactivated soybean CELL UPTAKE OF BOVINE SERUM 
horse serum, and 5% fetal calf serum containing 1% SOYBEAN CELL TOTJJtfiUl- auviiNt *tz*ura 

streptomycin-penicillin. .40 

Biotin and fluorescein labeled insulin was prepared. Soybean cell suspension cultures of Glycine max Merr 
To I ml of a 1 mg/ml solution of insulin protein in Var Kent were maintained by transferring cells to fresh 
phosphate buffered saline was added simultaneously W-38 growth medium every 7 days. 
100 ftl of a 1 mg/ml solution of fluorescein isothiocya- To 20 ml of a suspension culture of soybean cells was 
nate (FITC) in dimethylfonnamide (DMF) and 100 y\ 45 added 10 fig of either fluorescein-labeled (control) or 
of a 1 mg/ml solution of N-hydroxysuccinimido biotin fluorescein and biotin labelled bovine serum albumin, 
in dimethylsulfoxide (DMSO). The two labeling rea- The cells were allowed to incubate for up to 6 hours. At 
gents were allowed to react at room temperature for 4 varying time intervals 1 ml of the cell suspension was 
hours, after which the unreacted reagents were filtered to remove the growth medium, washed with 50 
quenched with 10 uJ ethanolamine. The quenched reac- 50 ml fresh growth medium, and resuspended in 20 ml of 
tion mixture was then dialyzed against double distilled the same medium. The cell suspension was then viewed 
water until unreacted fluorescein derivatives no longer with a fluorescent microscope to determine whether 
dialyzed into the water.. The covalent attachment of cellular internalization of the internalization was indi- 
biotin and fluorescein to the desired protein was con- cated only for biotinylated bovine serum albumin, 
firmed by sodium dodecyl sulfate-polyacrylamide gel 55 pvaMPLE 4 

lectrophoresis and western blot analysis. HAAiwrm 
As a control, non-biotinylated fluorescein labeled SOYBEAN CELL UPTAKE OF INSULIN 

insulin was prepared. 1 ml of a 1 mg/ml solution of FoUowing the same general procedure set forth in 
insulin was added 0.5 mlofal mg/ml solution of fluo- ^ 3 was biotinyIatcdf md the biotinylated 
rescem isothiocyanate (FITC) m dimethylformamide 60 J f ^ $h<yvm tQ ^ prcfcrcmia iiy jnternai- 
(DMF). The reaction was allowed to proceed for 4 ^ ^ ^ ared to non . b iotinyIated 

hours in the dark at room temperature. After 4 hours fauiin 
the reacti n was quenched with 10 p\ ethan lamine, 

and the labeled insulin solution was dialyzed against EXAMPLE 5 

double distilled water until unreacted FITC no longer 65 gQYBEAN CELL UPTAKE OF HEMOGLOBIN 

appeared in the soluti n. . 

The rat PC12 cells were grown in modified RMPI Following the same general procedure set forth in 
1640 medium as a monolayer on the bottom fa culture Example 3 hemogl bin was biotinylated, and the bi- 
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otinylatcd form of hemoglobin was shown to be prefer- 
entially internalized by soybean cells as compared to 
n n-biotinylated hemoglobin. 

EXAMPLE 6 

CARROT CELL UPTAKE OF BOVINE SERUM 
ALBUMIN 

Carrot cells of wild type origin were established and 
maintained in MS growth medium supplemented with 
0.1 mg/L 2,4-dichlorophenoxyacetic acid. Bovine 
serum albumin was labelled with fluorescein alone as a 
control or with fluorescein and biotin following the 
procedures detailed in Example 3. The carrot cells were 
then incubated in the presence of the respective labelled 
bovine serum albumin for 7 hours. All other conditions 
were the same as those described in Example 3 above. 
Cellular internalization was found only in those cells 
contacted with biotin labelled bovine serum albumin. 

EXAMPLE 7 
CARROT CELL UPTAKE OF INSULIN 
Following the same general procedure set forth in 
Example 6 insulin was biotinylated, and the biotinylated 
form was shown to be preferentially internalized by 25 
carrot cells as compared to non-biotinylated insulin. 

EXAMPLE 8 
CARROT CELL UPTAKE OF HEMOGLOBIN 
Following the same general procedure set forth in 30 
Example 6 hemoglobin was biotinylated, and the bi- 
otinylated form was shown to be preferentially internal- 
ized by carrot cells as compared to non-biotinylated 
hemoglobin. 

EXAMPLE 9 

SOYBEAN CELL DEGRADATION OF 
HEMOGLOBIN 

To determine whether hemoglobin was rapidly de- ^ 
graded following cellular internalization by transmem- 
brane transport, soybean cells were allowed to internal- 
ize and metabolize biotinylated hemoglobin for a period 
of 8 hours under conditions described in Example 5, 
after which the soybean cells were rapidly homoge- 4J 
nized in a sodium dodecyl sulfate solution to disaggre- 
gate and denature all protein material. The solubilized 
polypeptides were separated according to molecular 
weight by polyacrylamide gel electrophoresis and then 
electroblotted onto nitrocellulose paper. The positions ^ 
of the biotin-labeled peptides were then visualized on 
the nitrocellulose blot by staining with horseradish 
peroxidase-linked avidin and the colored substrate, p- 
chloronaphthol. All of the biotin-linked material was 
found to migrate with an apparent molecular weight of 55 
~ 16,000 daltons, about equal to the molecular weight 
of the parent globin chains of hemoglobin, indicating no 
breakdown of the parent globin chains had occurred 
during the 8 hour incubation period. 

EXAMPLE 10 

IN VIVO DELIVERY TO MICE OF SOYBEAN 

TRYPSIN INHIBITOR 
Soybean trypsin inhibitor (SBTI) (-6 mg) was la- 
beled with radi active ,23 I using 8 iodobeads (Bi Rad) 65 
in 1 mL buffer which was then dialyzed to remov 
unreacted 125 I. After dividing into two equal fracti ns, 
ne fraction was biotinylated with N-hydroxysuc- 



cinimidyl biotin and the other fraction was left as an 
unmodified control. Mice (-25 g) were then injected 
with either the biotinylated SBTI or the control SBTI 
by insertion of a hypodermic syringe containing a 25 
gauge needle into the tail vein f the mouse. After 15 
minutes, each mouse was sacrificed and then perfused 
with heparin-containing isot nic saline via the direct 
cardiac influx and efflux method. When the various 
tissues appeared to be blood-free, the perfusion was 
terminated and each tissue/organ was removed, 
weighed, and counted for ,23 I-SBTI in a gamma 
counter. Although some radioactivity was detected in 
the mice treated with non-biotinylated 123 I-SBTI, be- 
tween 4 and 100 times more ^I-SBTI was found in the 
mice treated with biotinylated SBTI, indicating success- 
ful in vivo delivery to murine cellular tissue. 



Tissue 


Cnunu r*r minute/iram wet weight 


Control SBTI 


Biotin SBTI 


Liver 


535 


1967 


Lung 


107 


2941 


Kidney 


5132 


8697 


Intestine 


0 


700 


Muscle 


0 


1065 


Heart 


0 


739 


Brain 


0 


267 



35 



60 



EXAMPLE 11 

SOYBEAN CELL UPTAKE OF SALMON SPERM 
DNA 

Protein free salmon-sperm DNA, either in a highly 
polymerized form (^50,000 base pair length) or in a 
sheared form (^500 base pair length), was tran- 
saminated at the cytosine residues. The transaminated 
DNA (1 mg) was labeled with fluorescein via the addi- 
tion of 0.5 mg of fluorescein isothiocyanate (FITC) in 
dimethylsulfoxide (DMSO). The resulting reaction mix- 
ture was divided into two portions and the labeling 
reaction was quenched in one portion by addition of 10 
uL of ethanolamine. This quenched portion served as 
the non-biotinylated control. The remaining DNA was 
then covalently labeled with biotin via reaction with 0.5 
mg of N-hydroxysuccinimidyl biotin in DMSO. After 
purification, the two derivatives (1 pg/ml) were sepa- 
rately incubated with soybean suspension culture cells 
at room temperature for 6 hours and then the cells were 
washed with 50 ml fresh growth medium and observed 
by fluorescence microscopy. Only the biotinylated 
DNA entered the soybean cells. 

EXAMPLE 12 

E. COL1 TRANSFORMATION AND 
' EXPRESSION OF AMPICILLIN RESISTANT 
GENE 

Plasmid DNA (pUC8) was biotinylated via nick 
translation in the presence of biotin- 14-d ATP using a 
commercially available nick translation kit (Bethesda 
Research Laboratories). The biotinylated DNA and 
unmodified DNA (1 fig) were added to R colt strain Cu 
1230 that had been made competent by treatment with 
MgCh and CaCh following the method of Maniatis et 
al. f Molecular Cloning: A Laboratory Manual, pp. 
250-251, Cold Spring Harbor Press (1987). After trans- 
formation, the successful transformants were selected 
by plating cells n LB media which contained 50 jig/ml 
ampicillin and then incubated overnight at 37* C. Col - 
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nies which survived the ampicillin were, counted and dex G-25 ge! filtration column to determine whether 
the transformation efficiency was determined. The any small m lecular weight fragments might be gener- 
number of surviving £ coli colonies was at least 100- ated during the co-delivery process. Comparison of the 
f Id greater in £ coli transformed with the biotinylated elution profile of the '"-labeled material isolated from 
plasmids. 5 the cell extract with the profile of unmodified ,2S I- 

_ , , serum albumin showed that the majority of the internal- 

tAAMrLt u ^ protein rcmam ed intact throughout the 2 hour 

BLOCKADE OF DELIVERY OF duration of the internalization study. 

BIOTINYLATED PROTEINS INTO SOYBEAN pvampi p is 

CELLS BY COMPETITION WITH UNLIGATED j 0 EXAMPLE 15 

BIOTIN RESTORATION OF GROWTH IN CULTURED 

Insulin ribonuclease (RNase) and bovine serum albu- CELLS DEFICIENT IN 

min (BAS) were individually biotinylated following the HYPOXANTH1NE-GUANINE 
same general procedure set forth in Example 1 above. A PHOSPHORIBOSYL TRANSFERASE (HGPRT) 
sample of each of the biotinylated proteins and an un- 15 UPON ADDITION OF BIOTINYLATED HGPRT 
modified sample of the same protein (control protein) Cdb deficien t in HGPRT (i.e., the defect in Lesch- 
were radioiodinated according to the following proto- N , Syndrome) m abk to grow only in a cellular 
col. To 1 mL of a 200 mM phosphate buffer pH 7.0, ^ medium containing hypoxanthine, aminopterin 

containing 3 jodobeads (Pierce Chemical 1 Co.) was * thymidine, (HAT), supplemented with purines, 
added 0.2 mCi [>»I] (earner-free in I n NaOH, Amer- 20 * h ^ were found to ow nor . 

5ham) and the mixture was allowed toj for 5 mally m 'hAT medium after internalization of biotin- 
minutes to liberate the active iodine species, according ^ biotin-mediated endocytosis 

to the supplier's instructions. After acuvation 1 mg of JJ« HGPRT was biotinylated in the presence of 
de^^^« < ^^ w "'tJ^ a ' , 5 ttShte and phosphoribosyl pyrophosphate (to 
mLofiodmationbufier.The ^ 25 active site) with N-hJdroxysucdnimido 

■ culture cells in the early exponential growth phase was incubated with biotinylated HGPRT (4.6X 10*»^«/- 
then^cd as follows. To each culture was added cell) grew at a rate comparable to cells supplemented 
sufficient Vlabeled macromolecule to achieve a final with purines for at least 24 hours. Appropriate control 
concentration of 10 jig/mL, and the suspension was 35 incubations did not grow on HAT medium supple- 
mVubated at 23' for thedesired time. After the desired mented with HGPRT, biotin, phosphoribosyl, and mo- 
incubation period, the cells were washed for 5 minutes sine monophosphate, 
in growth media rebuffered to pH 8 with 1 5 mM glycyl- EXAMPLE 16 

glycine to remove surface bound ligand. The cell sus- . x . 

tension was then filtered, washed with 200 volumes 40 TRANSFORMATION OF CULTURED SOYBEAN 
Eowth mSa and placed in counting vials. CELLS WITH A KANAMYC1N RESISTANCE 

Uptake of biotin-conjugated RNase was rapid, reach- GENE USING THE BIOTIN DELIVERY SYSTEM 
ing 6X10* molecules, internalized per cell in the first 3 ^ vector pGA642-643 containing a 

h urs. In contrast, unmodified RNase was not internal- bacteria i kanamycin resistance gene was nicked with 
ized, demonstrating the importance of the biotin adduct. 45 Bc(JR1 ^ ^ ^ds were filled in using bi- 

T further confirm the role of biotin in mediating the opiated ATP .^d a T4 polymerase-based nick trans- 
delivery of RNase, the cell suspension was treated with ^ ^ followin ^ general procedure set forth in 
1 mM free biotin directly prior to addition of the biotin- identical control plasmids were left un- 

derivatized RNase. Free biotin competitively blocked Then, to 40 ml of a soybean cell suspension 

delivery of me conjugated prot em into the soybean 50 wasaddedeilhert n e biotinylated plasmid or the control 

(nonbiotinylated) plasmid. After incubation for 10 
nation process involves n*"*"^**^** ^ hours, thecells from each flask were transferred to fresh 
ited number of receptors on ^v^^ n***- Rro ^ h medium containing 100 fig/ml kanamycin and 

Similar studies with b.otm-labeled BSA and insulin *™~?™^ te U J„ nor ^l conditions. Each 
yielded vunually identical results. 55 flasfc ^ transferred to fr es h me dium containing 

EXAMPLE 14 100 fig/ml kanamycin every 3 days. By day 10, the flask 

DAQTiAi pttbiftpation OF BOVINE SERIUM treated with the biotinylated plasmid had increased 
P aSw fSSwWG IT? -Wold in cell mass, while the flask treated with the 

INTERNALIZATION BY CULTURED SOYBEAN w control plasmid exhibited no measurable growth. 
CELLS EXAMPLE 17 

Radiolabeled, biotinylated bovine serum albumin was ugE QF FO LIC ACID CONJUGATION TO 

allowed t bind and enter cultured s ybean cells f 11 w- DELIVER RIBONUCLEASE INTO CULTURED 
ing the same general procedure set forth in Example 1 3, HUMAN CELLS 

after which the cells were thoroughly washed, homoge- 65 

nized and extracted to remove cytoplasmic soluble pr - Activated folic acid was pr pared by diss Wing I mg 
teins. This cytoplasmic protein extract was separated of f lie acid and 3.8 equivalents ofUthyl-3-(3-dime- 
using standard chromatographic techniques on a Sepha- thylaminopropyl) carbodiimide (EDQ in 0.5 ml of 
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dimethylsulfoxide (DMSO). The solution was allowed general procedure set forth in Example 19. The folate- 
to set for 2.5 h urs. A sample of folate-labeled bovine conjugated and control samples were then added to 
ribonuciease was prepared by treating the ribonuclease f re shly drawn whole human blood, incubated at 37 # C 
with -34-fold molar excess of EDC-activated folate. for 2 houfS and then washed thoroughly and examined 

The resulting derivatized RNase contamc ^ 2 T 1 ^ c J n a : 5 unde r the fluorescence microscope. Cells bearing folate 

lentlv bound folates per pr tern molecule. A second UI,UCI r 01SJ 

SpCf the ribonucfcasewas left unm dified to serve reckon that were brought into con act with the RNa- 

as a control. The folate-labeled sample and the control se/folate/fluorescein complex were found to fluoresce, 

sample were radioiodinated following the same general None of the control cells exhibited fluorescence, 

procedure set forth in Example 13. Following exhaus- 10 cyavtpt p -m 

tive dialysis, the two I23.i a beled samples were added to HAAMn-c z i 

KB cells (a human nasopharyngeal cell line) and exam- 1N V1V0 DELIVERY OF RIBONUCLEASE 

ined for uptake of 125-RNase after 30 minutes. No pro- THROUGHOUT TISSUES OF LIVE MICE 

tein uptake was seen for RNase conuol samples, while FOLLOWING INTRAVENOUS INJECTION 

10 7 molecules per cell were internalized by the RNase 15 1 ^ 

labeled with folate (RNase-Folate). To confirm that the Ribonuclease was labeled with ,23 I following the 

uptake was indeed foiate-mediated, the KB cells were same general procedure set forth in Example 13 and 

treated with either control RNase or folate-labeled ^ furthcr Conjugated with folate or left unmodified 

RNase in the presence of a 100-fold molar excess of ^ following the general procedure 

«S2^Sff?£iMK£ " - • •'• «*• — 7- *- * 

Kgate was reduced ~7-fold by competitive inhibi- either the folate^onjugated or control sample by msert- 
ti n. Similar studies yielded corresponding results using ing a 27 gauge needle into the tart vein of the mice and 
human HeLa cells. injecting 0.2 ml of the appropriate sample dissolved in 

EXAMPLE 18 25 Phy" 010 * 031 sa,ine - Aftcr 1 hour ' the ""^ were anes " 

thetized, perfused with saline and dissected to deter- 
USE OF FOjLjC ACp CONJUGA^ON TO ffic radioactivity of cac h organ, follow- 

(SBTI) INTO CULTURED HUMAN CfcLLS ^ ^ determined fey re , alive comparison of specific 

Experiments following the general procedure set ™ nujkactjvity of the various tissues examined (units corn- 
forth in Example 17, with soybean trypsin inhibitor were counts per minute/gram of tissue divided by 

demonstrated to be essential for uptake of SBTI by KB after injection, i.e., in order to normalize for any van- 
ccl k 35 ability in the amount injected). Folate conjugation pro- 

vided greatly enhanced uptake by the liver and lung, 
EXAMPLE 19 whiIc |hc kidney> ^ organ responsible for clearance of 

VISUALIZATION OF RIBONUCLEASE ' unwanted proteins, was enriched in unmodified RNase. 
ENDOCYTOSIS BY KB CELLS USING A sfaniJar rcsults werc obta f ncd wn en the mice were 

CONFOCAL MICROSCOPE allowed to live for 18 hours post-injection, with prefer- 

Bovine ribonuclease (RNase) was labeled with fluo- entia j upta ke of folate-conjugated RNase also being 
rescein isothiocyanate following the same general pro- nQted in the intestine, heart, muscle and brain, 
cedure set forth in Example 1 and then further labeled 

with folate following the same general procedure set 45 EXAMPLE 22 

forth in Example 17. RNase labeled only with fluoros- DELIVERY OF RIBONUCLEASE 

cein was used as a control. Following extensive dialysis ^ ^ ^ 1 * OF L1VE MICE 

against growth medium, the control and folate-labeled TOR ?5f Tl^^S^ h ^r^OM 

RNase samples were added to separate cultures of KB FOLLOWING INTRAPERITONEAL INJECTION 
cells. After 60 minute incubation, the cells were thor- ^ polate-derivatized and control RNase (1231-labeled) 
oughly washed and examined for uptake. Only the fo- prC pared as described in Example 21 and injected 

late-labeled ^^f 1 ^^^^ S3S *to the^ritoneal cavity of 30 g mice using a 27 gauge 
when viewed with laser excitation under the confocal ^ A A * t - . # . u/ _ r . 
microscope (Bio Rad). Furthermore, using the confo- needle and synnge. After 17 hours, the mice were anes 
cal's capability of focusing on a single horizontal plane „ thetized, perfused, and dissected to remove various 
in each cultured cell, it was readily evident that vesicles body tissues. Each tissue was then weighted and 
filled with the fluorescent-labeled, folate-bound ribonu- counted for radioactivity. The specific uptake of both 
clease were forming on all regions of the cell surface, the con t ro I and folate-conjugated RNase were corn- 
pinching off via endocytosis into the interior, and enter- parcd f 0 u owul g the general procedure set forth in Ex- 
ing the cytoplasm. The vesicles, measuring 0.8 to 1.0 ^ fc 2J As compared to intravenous administration, 
M m across, were easily large ^?^J9J^^^ intraperitoneal injection resulted in enhanced delivery 
large bi molecules such as proteins and DNA plasmids. rf ^ to ^ tissues ^ thc 

EXAMPLE 20 kidney Transmembrane delivery across the blood/brain 

UPTAKE OF RIBONUCLEASE IN COMPLEX 65 barrier was demonstrated by the brain tissue's preferen- 

WITH FOLATE BY WHITE BLOOD CELLS tial uptake of the f late-labeled protein. Similar results 

Fluorescein-labeled RNase was either conjugated to were btained in tw other repetitions of the foregoing 

folate or left unmodified (control) following the same procedure. 
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contacting the cell with a complex of said compound 

EXAMPLE 23 a Hgand selected from the group consisting of 

REVERSION OF src-TRANSFORMED biotin and biotin receptor-binding analogs of biotin, for 

FIBROBLASTS TO DIFFERENTIATED STATE a time sufficient to permit transmembrane transport f 

UPON TREATMENT WITH ANTI-SENSE DNA 5 said ligand complex. 

CONJUGATED TO FOLATE 12. The method of claim 11 wherein the ligand is 

• r i ♦•j. nxr a „ rri w,» rt f tiiP biotin, biocytin, biotin sulfoxide, and oxybiotin. 
A pentadecamenc oligonucleotide DNA probe of the ^ ^ Qf ^ u wherdn thfi compound is 

formula selected from proteins, oligopeptides, polypeptides, 

10 nucleic acids, and biologically functional analogs 
j? thereof. 
y-CTTGCTACTCCCAT— O— P— O— <CH 2 )«— NH 3 + 14. A method for enhancing the introduction of nu 



I cleic acids and nucleic acid analogs into living cells 
— o - 



which method comprises the step of contacting said cell 

tH* initiation 15 with said nucleic acid, or said nucleic acid analog, corn- 
complementary to a sequence from the CQnsisli 

codon of the Rous sarcoma src oon^ od c^ P * receptor-binding analogs of biotin, 

phosphate ^^^^^^^ mSEZ or nucleic acid analog is substantially complementary to 
dishes containing fibroblasts *™™ at Ieas t one endogenous nucleic acid in the living cell, 

sarcoma virus i 0K « Is) ^^^^^ 16. The meth J of claim 14 therein the nucleic acid 

25 ismcorp^rated rnto theheri^ 
Aat ^ o^ . IT The method ofclann 16 wherein the nucleic acid 

ligonucl^ " 18 Method for potentiating the transport of an 

TOe^ainL cells in both culture dishes retained their ^ a membrane of a living cell, the method comprising the 
iSSSS the neoplastic 30 step of contacting the membrane with 

nigmy iwuuu u taining the exogenous molecule, said liposome bearing 

wLt i« rlaimed is- ligands associated with its membrane contacting surface 

1 A Lethrfcrenhancing transport of an exogenous selected from the group consisting of biotin and biotin 
m hiffS- a membrL of a living cell, said receptor-binding ^^^J^^J^^ 
method comprising the step of contacting the mem- 35 to permit transmembrane transport of said exogenous 
brane with the exogenous molecule complexed with a molecule contained withm the liposome, 
ligand selected from the group consisting of biotin and 19. A method for enhancing t ^^^ 9 w ^ x ^: 
bi tin receptor-binding analogs of biotin, and for a time nous molecule across a membrane of a living cdl L said 
sufficient to permit transmembrane transport of said method compnsmg the step of contacting Ae mem. 
Stand complex brane ^th the exogenous molecule complexed with a 

2. The method of claim 1 wherein the ligand is biotin, Hgand selected from the group consisting of riboflavin, 
biocytin, biotin sulfoxide, and oxybiotin. and riboflavin receptor-binding analogs of riboflavin^ 

3. The method of claim 1 wherein the living cell is a for a time sufficient to permit transmembrane transport 
eukaryote « of said ligand complex. 

4. The method of claim 3 wherein the living cell is an 45 20. The method of claim 19 wherein the living cell is 
riant cell a eukaryote. 

5. The method of claim 3 wherein the living cell is an 21. The method of claim 19 wherein the living cell is 
animal cell an plant cell. 

6. The method of claim 5 wherein the living cell is a 22. The method of claim 19 wherein the living cell is 
human cell an animal cell. 

T The method of claim 5 wherein the living cell is 23. The method of claim 22 wherein the living cell is 

selected from those lining the alimentary canal. a human cell. # , . . r . „ . 

8 The method of claim 5 wherein the living cell 24. The method of claim 22 wherein the living cell is 

f rms part of tissue selected from the group consisting selected from those lining the alimentary canal, 

f dermis, epidermis, nasal mucosa, vaginal mucosa, 35 25. The method of claim 22 wherein the living cell 

placenta, eye and the tissue comprising the blood/brain forms part of tissue selected from the group consisting 

jj anier of dermis, epidermis, nasal mucosa, vaginal mucosa, 

9. The method of claim 3 wherein the exogenous placenta, eye, and the tissue comprising the blood/brain 

molecule is a pharmaceutically active compound. „ barrier. 

10 The method of claim 1 wherein the living cell is a 60 26. The method of claim 19 wherein the exogenous 

okaryote molecule is a pharmaceutically active compound. 

lLIn a method for modifying cellular function by 27. The method of claim 19 wherein the living cell is 

contacting a cell with a c mpound capable f modify- a pr karyote. ^ ^ 

ing said function, the impr vement which comprises ^ • • • 



